Introduction
Interruption of laryngeal innervation at various levels may disturb the primary laryngeal functions of respiration, phonation and protection of the tracheobronchial tree. Denervation of the larynx with gross disturbance of this protective function is known as laryngeal incompetence, and the associated problem of aspiration, which may be severe, has been known since the times of Hippocrates1. Unilateral and bilateral cord palsies of the complete and abductor type could not be recognized until it was possible to examine the larynx in vivo, following the development of indirect mirror laryngoscopy in the 1850s. Bilateral abductor palsy of the vocal cords, although discussed by Trusseau in 1836, was first diagnosed by Gerhardt in 1863. The development of techniques to allow examination of the larynx in vivo coincided with the development of surgery of the thyroid gland, which had the direct effect of greatly increasing the number of patients presenting with disturbances of laryngeal innervation. Treatment of the patient with a denervated larynx has proven difficult, as also has the case of bilateral abductor palsy, and is certainly controversial, with a multiplicity of procedures described. The very number attests to the unsatisfactory results achieved by many of them. This paper reviews the development of and current views on treatment of the various types of laryngeal paralysis: (a) complete paralysis of the larynx; (b) bilateral abductor paralysis; (c) unilateral abductor paralysis. It remains axiomatic that vocal cord palsy may be a presenting feature of underlying disease, and investigations will be necessary in most cases before treatment can be undertaken.
Complete paralysis of the larynx Lesions involving the vagus nerve above the origin of the superior laryngeal nerve usually result in a lateral position of the paralysed vocal cord, due to abolition of the adductive action of the cricothyroid muscle. Various traumatic, infective or neoplastic lesions may involve the lower cranial nerves either at the skull base, high in the neck or in the medulla (see Table 1 ). Severe intractable aspiration due to laryngeal incompetence is invariably associated with a combined motor and sensory deficit affecting all the neural pathways involved in deglutition, and there may be additional brainstem or cerebral dysfunction in this group. Management would include a first-line tracheostomy employing a cuffed tracheostomy tube, but more definite steps are required to prevent contamination of the tracheobronchial tree. Options include: (1) Teflon injection Recently, Brookes and McKelvie7 have reported the results of an epiglottopexy operation in which the epiglottis is laterally denuded and sutured to a similarly prepared aryepiglottic fold, leaving a small posterior central opening 2-3 mm in size. This provides adequate protection of the tracheobronchial tree, and with a valved tracheostomy tube in situ allows adequate respiration and phonation. This operation has the singular advantage of being reversible, which is an important consideration because some of the neurological problems of the larynx are subject to spontaneous improvement. Thus epiglottopexy would seem to be the procedure of choice at present.
Bilateral abductor paralysis Lesions of the vagus or recurrent laryngeal nerve in the neck or mediastinum below the origin of the superior laryngeal nerve leave the innervation of the cricothyroid muscle intact. The adductive effect of this muscle is allowed to operate and in a bilateral case will result in the cords being in the paramedian or median position, thus allowing the patient a good voice but little airway. However, the position of the vocal cords may vary; lesions below the origin of the superior laryngeal nerve may result in the adductive affect of the cricothyroid muscle being abolished by disruption of vagal afferents. Thus, when both the recurrent laryngeal nerve and the vagus nerve are involved in the causal pathology, the cord may lie in a more lateral position. Also the posterior cricoarytenoid muscle abductor of the cords is vulnerable physically in its position in the post-cricoid area. There is evidence that muscle 'fibre-type grouping' occurs in many patients with progression through 0141-0768/86/ 080473-03/$02.00/0 ) 1986 The Royal Society of Medicine life, indicating that intermittent denervation is occurring in this muscle8. These factors may account for the variability of cord position noted by most clinicians and provide a rational explanation for Semon's law. The numerous operations described for airway relief in patients with bilaterally paralysed cords in the paramedian position may be divided into four types.
Cordectomy
The first attempts to relieve patients with airway obstruction secondary to cord paralyses involved resection of one or both vocal cords either by an open or endoscopic approach. These procedures usually failed because of the formation of granulation tissue in the operative area with subsequent restriction of the airway.
Chevalier Jackson9 reported his operation of ventriculocordectomy in 1922, emphasizing that the arytenoid should be avoided and that ifthe operation were performed bilaterally, approximately half the patients would gain airway relief and could be decannulated. This operation has returned to fashion with the advent of the C02 laser. This allows an endoscopic laser excision of one vocal cord with or without the arytenoid. The operation is relatively easy to perform and so far has not been attended by serious complications. In a recent series of 6 laser cordectomies performed by the authors, 5 of6 patients were decannulated successfully and objective tests showed a marked improvement in their respiratory function, with maintenance of a satisfactory voice in most cases.
Extralaryngeal cord displacement
Although the 'Woodman' operation10, first reported in 1946, is perhaps the best known of the extralaryngeal cord displacement operations, King11 in 1939 had described an extralaryngeal approach to the cricoid behind the thyroid ala, which allowed lateral mobilization of the arytenoid and cord with transfer of the severed omohyoid muscle to the arytenoid. This was intended to provide a dynamic muscle sling for the vocal cord, but King also reported that he sutured the arytenoid to the thyroid ala to counter the effects of scar tissue on the crico-arytenoid joint. King was therefore the first surgeon to lateralize and fix the arytenoid. Several modifications of the King operation during the early 1940s culminated in Woodman's description of the extralaryngeal arytenoidectomy, with suture of the vocal process to the inferior cornua of the thyroid cartilage. Woodman's operation achieved considerable popularity and in 1953 he reported a collected series of 500 cases operated on by several different surgeons'2. However, Woodman's operation is difficult to perform and the results are variable. Major complications can occur with infection and stenosis of the larynx.
Arytenoidectomy
From the mid-19th century this procedure was routinely performed by veterinary surgeons for racehorses developing unilateral cord palsies. The first human arytenoidectomy was performed in 1911 by Ivanoff'3 on a syphilitic patient. In 1949 Thornell"4 reported endolaryngeal arytenoidectomy, using a Lynch suspension laryngoscope, and described 3 cases in which successful decannulation had been achieved. Although endolaryngeal arytenoidectomy is a variably difficult procedure and the airway improvement achieved unpredictable, consistent airway improvement probably requires an associated cordectomy. However, external arytenoidectomy via a laryngo-fissure approach, with lateral fixation of the vocal process and vocal cord, certainly produces satisfactory results with good airway improvement, although at the expense of voice.
Reinnervation procedures A classic series of experiments by Lionel Colledge
and Sir Charles Ballance'5 showed that reinnervation of the paralysed larynx could be achieved. Using monkeys and baboons, they evaluated the effectiveness of anastomosis of the severed recurrent laryngeal nerve to (1) the phrenic nerve, (2) the vagus nerve, and (3) the ansa hypoglossi, and showed that end-to-end or end-to-side anastomosis to the phrenic nerve resulted in recovery of abduction in quiet respiration in nearly all cases in their experimental animals. They also reported a case of a woman who had suffered bilateral recurrent nerve damage during a thyroidectomy in whom bilateral 'end-to-end' phrenic to recurrent nerve anastomosis resulted in abduction during quiet respiration with an adequate airway, allowing decannulation of her tracheostomy. However, Colledge and Ballance stressed the importance of early surgery in cases of laryngeal palsy, emphasizing that atrophy of the intrinsic muscles of the larynx would otherwise occur, with secondary fixation of crico-arytenoid joint.
In 1970 Tucker and colleagues'6 described a nerve-muscle pedicle technique using a segment of the sternohyoid muscle with its innervation from the ansa hypoglossi. Transfer of this nerve muscle segment into the posterior crico-arytenoid muscle resulted in reinnervation in 3 out of 5 experimental dogs. In 1975 Tucker'7 published his first reports of successful operations in the human. Unfortunately his results have not been reproduced by other workers, and it is worth referring back to the work of Colledge and Ballance'5 in 1927 who noted that recurrent to ansa hypoglossi anastomoses did not show recovery of vocal cord function. The recent work of Crumley'8 has emphasized the possibility of split phrenic to recurrent nerve anastomosis with successful maintenance of diaphragmatic motion and recovery of respiratory abduction of the vocal cord. There is no doubt that successful reinnervation of the paralysed larynx would provide an ideal solution to the difficult problem of restoring an adequate airway whilst maintaining normal voice.
Unilateral abductor paralysis
The flaccid palsied vocal cord, arrested in the lateral position, is associated with a husky dysphonia commonly in the form of a whisper with very little volume. Two main groups are apparent, the first being those in which there -is isolated recurrent laryngeal nerve palsy and in which both vocal cords are of the same length. Secondly, there are those palsies arising from damage to the vagus or to both superior and recurrent laryngeal nerves. In such cases the loss of the cricothyroid muscle produces a distorted larynx with rotation of cricoid under thyroid and one long and one short vocal cord, the palsied one being short.
Teflon implantation
The injection of teflon paste to give the flaccid, palsied vocal cord bulk and rigidity has become a well established and most effective procedure. There is no question that it is more effective in vocal cords affected by a palsy of the recurrent laryngeal nerve alone; the deformity resulting from a total vagal palsy is not so easily made good by teflon implant. In most cases the timbre of vocal cord palsy remains but volume is restored to a varying degree. The placement of Teflon implants into palsied cords with a view to preventing overspill has a more limited application.
Timing ofsurgery Where there is a crush injury of the recurrent laryngeal nerve, it is normal to wait at least six months before implanting the cord since some degree ofresolution or change in position of the vocal cord is to be expected. It is also recommended to wait six months in idiopathic cases in anticipation of spontaneous recovery. Surgical injury to the recurrent laryngeal nerve, e.g. by suture, warrants immediate reexploration of the surgical wound since the defect may be made good. Patients with a carcinoma of the bronchus appreciate the prompt restoration of voice afforded by teflon implant and there is good reason, considering their limited prognosis, for doing the implant very promptly. There is a fair volume of opinion to support the immediate implantation of palsied cords resulting from major thoracic surgical procedures so that the patient can cough in the postoperative period.
Histopathology
Teflon implant goes through a number of changes in the weeks following its injection. The glycerin in which the teflon shreds are suspended is absorbed, a marked granulomatous reaction takes place and the final depot of teflon long granules is of slightly smaller volume than the original implant. Teflon granules, from 7-100 mu in diameter, do not migrate far from their original site of implantation. Rival substances include silicones, cyanoacrylates, bone paste, and needles of nasal septal cartilage introduced by microlaryngoscopic techniques. The latter has become well established as a means of doing teflon implantation; the method under local anaesthetic with the fully conscious phonating patient has much to commend it, requires considerable skill and is limited to those patients prepared to tolerate it. Teflon implants, put by mistake into the incorrect vocal cord, have produced no gross dysphonias and multiple implants into palsied cords have not produced much benefit over the single fusiform enlargement produced by single or dual implants. After more than a decade of use there is no evidence that teflon implantation is carcinogenic.
Special considerations in vocal cord paralysis due to thyroidectomy and thyroid adenomas Pre-and post-thyroidectomy paralysis can benefit from direct surgery to the lesions affecting the recurrent laryngeal nerve. It has been shown that benign lesions of the thyroid gland, particularly adenomas, can produce recurrent nerve palsy, occasionally presenting as idiopathic paralysis19. Once a lesion in the gland has been detected, removal of an adenoma is followed by recovery of nerve function in over 50% of cases, the time taken for recovery being dependent on the distance from the laryngeal musculature. Postoperative recurrent nerve paralysis is either immediate or delayed, the latter being due to fibrosis around the nerve. Immediate paralysis is not always due to section of the nerve, but may result from a ligature or suture around the nerve. Removal of the material is followed by recovery of nerve function, as is neurolysis of the nerve when delayed paralysis is due to fibrosis. However, timing of surgery is important, particularly for neurolysis, as a delay ofmore than six months leads to permanent impairment of the laryngeal muscles due to fibrosis and motor end-plate degeneration. It is suggested that a more positive approach to preand postthyroidectomy laryngeal paralysis should be considered, as some situations are remediable and obviate the need for direct laryngeal surgery which might otherwise be considered.
